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imm^] mmw .... 

^^2^^ (jaiff^n2) i3J;?^^^3^K (mitmns. fzfzL. n3<n2) 
4) 

iff ^ n 1 ~ n 4^^/^' rn3<ni<n2N n3^n4^n2J 'ifzlii rn3^ni^n2N n3 
<n4<n2J ^J: ^m^^'tMfzL. 

m$^m 1 ¥M ^ Htff 2 ¥B t <^ m K . fr lE^ 1 ¥M:fe J: X/mum 2 ¥M 

:hm2mM {mimn2) i^XVmsmm (miffmns. tztlL. n3<n2) ^> 
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m^-^A\ m^mAmnf^m^^n^ij^ rnav- O. 2 ^ n4^ nav+ O. 
[if 7 1 1: V >li W t^afe ^ /i^ 1 ~ ^ 4 ¥® =Sr ^Ki® L § . 

) 

mia^ 2 ¥® i: HUifi^ 3 1 60P^tc. Hfrffi^ 2 ^Mi3 i luffi^ 3 ^MIC^ 
L -C , 1 ¥M t:: W '^B^^:^fSl t^^H KW^I^h UltJf l&i^ ^f^^LX^^ 

^m2mM {mmn2) i^X^^msm^ (m^mns. tztzL. n3<n2) 

BUf£^4TOJ: i9^1^ffilJtC-iifam4^Mt;aLT|£tt^tL/im4^® (iStlf^ n 

4) 

mmn i ¥® mmm 2^mt(DmK. mmn i ¥Mi3 x zrmmm 2 

BUffi^2¥®tMIS^3¥®t^rBllCiott^¥±^iS*;f^^ nav^ Lfct §1'. 
HfrfEm5^K(7)¥J^MWn5>^)^^ rni<n5<navJ rnav<n5<niJ 
^r^&M^^^vi^cL. BfflE^6MM<7)^J^ia*ff^n6J&-' rn4<n6<navJ tfz 
{± rnav<n6<n4J 5l'^^^^i7t-t■^ 
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8 ] mum 5 n 5;?>n( n 1 n av) 1/2 - 0 . 2 < n 

[ii*:^9i mmmem^<D^n}mmmne^^ r(n4nav)i/2-o. 2<n 

6<(n4nav) 1/2+0. 2 J ^>i>P^#5^*?i/;t- - t ^#m^i-'2>ff*:^8fE|^<7) 

^tLfzt^K. Ta A/4 (4 n52A2- a2)1/2< h5< 3 A A/4 (4 n52A2 

- A 2) l/2j ^ ||#^^vt/c1-7tc7)v^S A 1.26/im~1.675 

i>tLfzt^{Z^ Fa A/ 4 (4 n62A2- a2)1/2< h6< 3 AA/4(4 n62A2 

- A 2)i/2j fjihm^^^mfz'ritcDm.Wz a i . 2 e m~ i . e 7 5 

if 7 iBmo miff mi^^^o 

1) ^> 

miE^ 2 ¥® ^ fria^ 3 ¥® o tc, mm 2 ^m^s j; toib^ 3 

hmi^n m^mn2) m^^msWk^ (iStff^ns. f^fiL. n3<n2) 

4) t> 



miiE# 2004-3115079 



SifM 2003-040196 ^-v: 4/ 
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[If 1 5 ] mum 5 mn(D^-i^mtfxm n 5;^^ ( n 1 n av) - 0 . 2 < 
n5<(ninav) 1/2+0. 2 J ^Sr-SM^^^vt/il-^ =^#m^-r^iS*:^ 1 4 IE 

^tLfzt^iZ^ TA A/4 (4 n52A2- a2)1/2< h5< 3 A A/4 (4 n52A2 

_ ;i 2)i/2j ;^^r^#^^vtf^-r7fc(7)r^ft A i . 2 e ;« m~ i . e 7 5 

[|f^:^l 7] HulE»5^K:^»^^HffiE0r^;^l^tC3ci:t::^it^tLfzmi5c<^^ 

im^m 1 8 ] iiffE^ 2 HufE^ 3 mnii ^ vmum 4 mn^ti^eti 

<Dmi}xmn2-n4i}^ rn3<n4<n2J ^m^^^'tmfzir :l t ^S^Witir 

[mMmi 9] mum4mn(r>m^mn4i}^^ rnav-O. 2^n4^nav+ 

im^m 2 0 1 mum 1 ^m^zmm.^j:yj\^i<z':^^^x(Dmum 4 mM<Dm^ 

im^m 21] T E^'^Tfeis J: iy^'TM^v^^^n^'tL(7)|pIiff5S&^7&^' 9 0 % 
i^ti^- 1 :^tc|Em<^llIW^&i^#i=-o 

[is*^ 2 2 1 T E^'^^is X u'Tum^±ttirti(Dmm±m<^m-^^ 5 
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^tS^'O. 7J':J>±-C^;S>::i:=^#m^-r^W*^l, 2. 7 is J: 1 4 (7)^RrtL7&^ 1 
mMm2 41 Hf|ia^2i^W<^il*lf^n2^m)fS^3MMO®iff^n3^<^ 

[lt^:^2 5] mUm2mMi}^T i O2, T a205i3J:?^^Nb205OMtL 

[tmm2 6] mmm2mMtfzimmm3m^:b^^^-^)^^^mmKx ^ 
^ m^m 2 6 tmco mim^mi^o 

umm 3 0 ] mmm 5 mn^^. mmm 2mMtfz imt^m smn^y):!. 

m'fb^%<7)>fprtL75--eab'2>-^*#mti-^if*^2 8-3 o(Di^M-imi'^i^m 
[tmm3 2] mm^2mMtfziimu^3mM^^T i 02, Nb205, 

Ta205, S i N, S i O2, S i O, Z r O2, S h203(DmM^X-^^ Z 
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!WWLt-r^m^M2 8-3 0 <7)Mtt^^ 1 :glciEmc7)|ltJfl&^*?-o 

^^^^^ ^ Miti- ^ t"* o T . 

[W*:^ 3 4 ] lt^:g 1 , 2, 7 is J: t/ 1 4 OMttT^- 1 :Sic|Em«0|IIJ;f^& 

[0 0 0 1] 

[0 0 0 2] 
[t^5^C0^tT] 

mtif^&i^^^ti. ~mz. 5v^tcW^lllffii3J;t;^^^2ffi^^1->2>^B>g¥5K 
tiioV^T^lffitclII*m^75)^^ff^^^^^^^<7)-eab'g. (^Jx.ti¥^#lt^mi 

[0 0 0 3] 
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> lajiT^^T-^Tii. #'2&ft(7)M-^^^#m^bt-cf5iiif'2.-^ft^#j#m (wdm 

: Wavelength Division Multiplexing) 7lt;ai# 7" A tC:fev^Tfi^^^T'/^'^ 
[0 0 0 41 

[0 0 0 5] 

[#lt:Scm 1 1 

*iI#fl^mSI<&ra^ 2 002/013587 6-^^^# 

[##tt:fcm 1 ] 

0■^^ pp. 7-24, (2002) 

Hendrick J. Gerritsen, et al., "Rectangular surface-relief transmissio 
n gratings with a very large first-order diffraction ef f iciency(~95%) f 
or unpolarized light". Applied Optics, Vol.37, No. 25, pp. 5823-5829 (1998 
) 

[0 0 0 6] 

[mmm-B: LXdtir:^ mm] 
m^WL(Dmimtfzi±m2m^zmm.) xitm<. K^izx^nmmi:^^^^-t 
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J: ^ Wtt t If J; ^ ^rS^^I* ^^^^>-t;i/-r^J:dt^. mt/f t&T-<7) 
[0 0 0 8] 

[0 0 0 9] 

[^M^m^^t-r ^ 7^ci6o^^] 

iSilf^ni) (2) ^l¥ffi^^2¥Mi:<7)Klc. S 1 J: t^'^ 2 ¥® 

^2IK® (®|ff^n2) :feJ:C>'^3^® (/Siff^ns. 7t/iL> n3<n2) (3 

ilf^ n i~ n4>6^' r n3< n i< n2> n3^n4^n2J ifzit ^n3^nl^n2^ n3 
<n4<n2J >&^M#^^?t/^^- ^ ^^mii-t^o ^ibll. ^2^®i3J:t/^ 

3^K(7)2$^:^;^>^^@^-eS)^>r ^:^#tstt t. mv^ti. nimMtfziim4mm^ 

milium- h^j:^ztt:s^WLt-r^o 

[0 0 10] 
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. m2mMtm3mMt^^^mzmf(^firmim'^^^j^f^^tix\^^^o mim 
tn^ti. mimm^mm^ti^o ^(^miimi^m^it. ^mn(7)m^m^^^±%m 

[0 0 11] 

navi: \^fzt^K. W> \ m%(Om^nm n T n av" 0 . 2 ^ n n av+ 

0.2J ti:i,m^^'^mfz'r<DmrMx^^ . ^h^^ mAm^wom^nmn/^i)^ \ 

nav- 0. 2 ^ nav+ 0. 2J ta^m^^'^'Mfz^M^WMX^^^o tfz. 

i):hWW-M.X^ho ^fLh(r>^^%\z.\t. mJ\^^(^mLii ^xfWSx^^(r>'m'^ 
[0 0 121 

^2 (7)^0^ti'^^iPiiifl=§T-m^{i. (1) l:v^^rTO^'ili^-3fe^>^illl ~^4¥ 

(JStJr^ni) i:. (2) W>2^n}i%2>^mh(Omz. ^ 2 ¥®:b^ ct 3 ¥M 

^^2^g imm^i) ^^VF^ZWk^ (TO^ns. fj/ft. n3<n2) 
(3) l|4¥®J: ^) ^1^11^^114 ¥®t^«t-C|^ it "btLfz^ 4 (;agi/f^n4) t 
, (4) Sl^Mt^2¥®^<^F^l^x ^l¥ffii3J:t^^»2¥®t::^LT|git^tL 
/z^5^M (^J^jiStff^ns) (5) m3¥ffii:^4¥®t«7)rBlti. ^3¥ffi 
i3it/||4¥®t3^Lri5tt^a7'^^6M® (¥*^iStif ^ n 6) i:> =^ii;i^o 
-etT. ^2¥®^:^3¥®i:<:OF^triott^¥*^/Slff^*nav^t/j^^t3. ^ 
5lS®0¥±^®*)f^n5^^^ rni<n5<navJ rnav<n5<niJ tah^ 

^^^•Mfct. ^6^g<^¥±^®4ff^n6*^' rn4<n6<navJ rnav< 
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n6<n4J ^^T^^^^^f TfT ^ t l-^o 
[0 0 13] 

[0 0 14] 

^2 (Dmm^^^mm^^m'^-\±. ^^mn(DW-^m^mn^i)^ r(ninav)i/ 

2-0. 2<n5<(ninav)l/2H-o. 2J tj:^m%^^mfz-f(Di)mm.X-^n. ^ 
h\Z^ r(n4nav)l/2-o. 2<n6<(n4nav)l/2 

+ 0.2J t£^m^^^mfz-r(Di)m^Mx^ho ttz. [i]tm?-<7)jisi^A^ l 
. mi^mz.m%^j:ij\^^^^^^x(D%b^^(DW-^^h^tL. '^^x<7yitijm 

^^l-^Xm-r^hX^fzh^^Z^ Fa a/4 (4 n52A2- a2)1/2< h5< 3 A A 
/4(4 n52A2- a2)1/2j tj: hm^T^^mfz-r^m^Wz k m^^^^l . 2 ^ fx 
m~ 1. 6 7 5 /imrtlC#;S1-^OWiit?^)f9. ^h\,Z. iIllTt§^<7)MIR|^ A 

i!)miffr^^KXHir^ tLfzt^i>Z^ T A A/4 (4 a2- A 2)l/2< h6< 3 
A A/4 (4 n62A2- a2)1/2J >^ ^ P^^^P/c-TTfe^T^-^Sft A 1 . 2 

6 m~ 1 . 6 7 5 ;u ml^U#^£1-^<7)/0^~^l^ii-r-^b^o ^ tt^<7)^'^H{±, HJtlf 

[0 0 15] 

«FiiT**)'2>o i<^:^^ic{±, mt^m^<7)\^±^m^^t-^^x^^tti>iiZ, miff 
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[0 0 16] 

(munmni) (2) m2^mtm3^mt(Dmiz, m2^misxx/^3^m 

^m2mn {mmn2) i^XVmsmn (m^m n3. fzfzt. n3<n2) 

(3) m3^m^^^mizm3^mi,zmLxm''ifhftfzm4mM (mtnmn^) t 
. (5) mi^'mtm2^mt(Dmiz, mi¥®i3j;o^^m2^®ir^L-c^tt'b^ 

f^kzio^^^h^^m^m^k n3,ytLfzh^\Z^ ^ 5 SS'^^^^^tif^ n 57^^' rni< 
n5<navJ tfz^i rnav<n5<niJ tiihm^^'kmfz-t ^^t^mWih-f 
[0 0 17] 

:i(o^3(Dmmz^.^mm^=^m^x\t^ mAmntm^m'^t<Dm\>zio\.^x 
ni)-hm^m'^^x^Lfzit\t. ^s^s^^T. niifft&^^gistcisv^-rinif^tL 

[0 0 18] 

2-0. 2<n5<(ninav)^/2+o. 2J '^^r^#^*vt/^i-c7)75^~$?M-e*)^o HI 

iif^i^<7)Mi«8=^A t mi^miizmw.^j:i3\^iZ'D\^^x(Dm5mM<Dm^^h5 

tL. m^X(7)ytT!)m^m^l^ZXm-r:htLfzt^K. Ta A//4 (4 n52A2- 
A2)l/2<h5<3 A A/4 (4 n 52 a2- a 2) l/2j ^ ^ §|#^^?t/c1-7fc<^?&« 
A ^m^^m. 1. 26;/ m~ 1.675/. mrttC^^-T ^ ^^.iWilT'ab^o ^ 2 
®. m3mni^^V'f^4mMtti'efi(Dm^mn2-n4i}^ [n3<n4<n2} ^ 
^M#^*"a7^c1-<7):0^$fM-e*)^o ^.4^W<7)jatff^n4^« rnav-0.2^n4 
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[0 0 19] 
[0 0 2 0] 

tL<7)III*Jf55[j$^^^9 0%J':Jl±i:^'2>7tc7)rSK75^~#^Ei-^c^ tfz. T 

[0 0 2 1 1 

n 3 1 0 . 7 J^Jl JiT-* ^ (D-ibmmr-^ «9 o ^ 2 ^® >6^T i O2, T a 2 

[0 0 2 2] 

[0 0 2 3] 
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• * 

Um3t^^i)^T [ 02, Nb205, T ^2^5, S i N, S i O2, S i O, ZrO 

2, s b2O3<7)'fRr:}x;0--e^);i><7)56^-$fii-eab'i)o ::^^<7)^'^ii{i. Eliff^&T-^^- 

[0 0 2 4] 

[002 5] 

. j^iiT. ^i^wm^^m\^x^mm%m(Drm^nm\,zmm-t^o ts:id. mm 

[0 0 2 6] 

1 ^«^,^) 

5fe-r^ ■^mM\m^m^^^m^<r>m\^mMm\>z<^^^xmm-^^o mi\t. 
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m^i-m^i on. mi mm i> ^2^*1 2. msm^i snxi/m^mm 

1 4 ^iix.-C#^$tL-Cv>^o 
[0 0 2 7] 

iOE^/ft&^-^T-l OtiiSv^T. Hv^ic^^f 'fc^ l¥ffiP lis ct 0^^112 ¥MP 2 

^i™Pl^:m2¥MP2^<^r^l-x ^l¥®Pi:b^J:C>*^2¥®P2t-^tT. 
^l¥®Pit^¥fi''^B/f^:^f6ji::^Slc^tt^ttTv>-r. lII*mi^*?fM LTi/^ 

i/w. ^4M®14{i. ^2¥MP2<^^ ^^HBJJ (m-TiiTlBiJ) (C^2¥MP2 
KmLXmi^hfiX\^^^o ^2 SKI 2i3J:?7^3S®l 3 (DMy]:^mi^X^ y) 

[0 0 2 8] 

2SK1 2 t^3i«® 1 3^^^^^^5:iC^lt'b^-CllIJlf=l&«^^ff^^$tT,TV-^o S 

mKi lii-hmim'f-^xmLfz^it. mm^mzii\^^xmifx^ti. m4m 

Kl 4^{±itt^tL^o ^v^{±. ^4SMl 4 >6-ibIlItff*&^-'^A»tt7t^ti, milt 
[0 0 2 9] 

$)^o ^2^^Kl 2i3J:U^'^3SK 1 3 7{»^F>ff^:^I^tc^i:tc^it'btL^i tUJ: 
l¥®Pi^m2¥®P2^<^r«^^SSS6 (ir^£t>%. ^^(DM^) ^Ht-T^o W. 

iwkm KDM^nm^ nit l, m2mMi 2(Dm^nm^n2t ^3^si 3 

OiStlf^^ns (/c/^L^ n3<n2) ^ ^ 4 SK 1 4 (7)jg$ff^^ n4<l: 1-^o 
[0 0 3 0] 

i<7)i: ^l^®Pih^2¥MP2^<^P5<^lHllff^&T-|fB(7)^±^®«f^nav{i 
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J: y^'^ 3 1 3 (Dm^nm n 3 i: <;o f^t-. 

"3<"av<«2 •••(2) 

[0 0 3 1 1 

) -e^^^{^. ||l¥®Pi:feJ:ti'^ll2^MP2-?-^'?'^=fT'"t:'<^^<7)Slt*#x.^l^t; 
. ^ lTOPi^:^2¥MP2^<^rBl*™^nav^*^M>^^M-egl^mx.Ct;;&^ 

lliff^&?-SB<7)¥*^®*f ^ n av^-^Sv> (5 i:\ ^ 1 ¥® P i * T^cli^ 2 ¥® P 2 '-^5 
[0 0 3 2] 

/Zj < «! < «2 , rtj < ^4 < Ajj ■■ ■ (3a) 

< < n2 , < < n2 (3b) 
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m^] .... . 

- 0.2 < n, + 0.2 •••(4a) 

- 0.2 <n^<n^, + 0.2 •••(4b) 

>2. ^ ?nl 7t -r O mi-M ab ^ o 
[0 0 3 3] 

±m (3) ^ * (4) ^ tit^ o T#^® <D/at/f ^ n 1 ~ n 4;^^^ ^ tL, ^(D^. 
Jl^^^^rSjSff?* (RCWA: Rigorous Coupled-Wave Analysis) KX*)^i]ix^ 
T-^i^l 0<7)|Dl$lf#tt<7)^«^'tf'&^tt^o ^LT. mii'Tb^'^ (^Jx.{i\ 

[0 0 3 4] 

^firtii}^^^:^^^:^ (111= n4= 1 . 4 5) T'ab*)> ^ 2 liK 1 2 (7)®iff ^ n 2 
/6n . 7 5 T'*) (9 , ^3IKKl 3;0^'^^ (n3= 1) X-^^O. r^-r-^iti-^^O 
. 7 0-t?^)i9. 'I^^MI^A/^n. 0 1 ;/m-e^i9. ^ H 2 . 2 6 // mtrab 

^ o JtscM 1 coiiiiift^^^i^ii. m 1 i 0*'^ 3 mn^ti^^fi-^^^n ( n 1 

= n3=l) X-$>y). m2mni^^t>'m4mM'^tirM^:^^^^^^ (n2=n4 
= 1.45) i9. 7"^-x^ J:kf tJ^'O. 8 4 -e^) 19 > A . 0 1 

m-eab 19 ^ ^ H 6 . 0 2 m ^ o 

[0 0 3 5] 

Ill2{i. ^ifeMl<^)|lI*lf*&^*i=-l 0<^llI4ff#tt^^-ri^^-7T'*;i,o Ill3{i 



aiiE#2 004-311507 9. 



#M 2 0 0 3 -0 4 0 1 9 6 ^- v ; 17/ 

^ ^ |5| < ^ mmmm^^^-c ^i>mni^^ <^j:^x^iz. ^ - ^xtf 

[0 0 3 6] 

^;}xib<^EI^*tJtLTfiJ^ J: ^ ti. Jt^^iK^^-^ (HIS) tit^LX. mt^ 

mi(om^ (m2) izn^ jt^^-m^mx. TEU^^yti^xi/TM^^mit^fi^^ti 

[0 0 3 7] 

[0 0 3 8] 
[0 0 3 9] 

. '^(Dm\zn\^xm^(D^mm^^^-yx:^y^y'^\zx^m'^'![^)SLL. ^(o± 

^(Om^izCVD (Chemical Vapor Deposition) "^^t^J: <0m3mitl 3 t ^ 

:h^^m(7ymA-imiibi^^. mm^izx ^m2mmi 2^xz/m3mMi 3^ ft 
^'fKD-m^'kmx.x. ■t<D±.\>z^imm i^kmnxi, x^^o z.^x\ m2mM 
1 2iixx/m3miti 3(r>M:fji!)mi^x^tii£. mi mm nzfi^^^i^^^^m 
(D&tnzx^mj^^<D^M^^mi-^^t:fy^x^. tfz. cvD-mmx^imm 
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[0 0 4 0] 

®14{±. AI2O3, MgO, N d203^XX/y ym^^'it^^ (A 1 F3, Mg 
F2, CaF2, NdFa'fctO (DjniM-X-h^(D-bmt L\^^o tfz. H 2 1 
2tfzi<±m3m^l 3^i. T 12, Nb205. T a205. S i N, S i O2, Si 
O, Z r O2, Sh203(DiPitl^^X^^(D7f)mtL^^o 
[0 0 4 1] 

=^ib\ ±m(Dzcy^yvi<znK.xv y vtym^^^ ^m2mMi 2iixrim3 

[0 0 4 2] 

j.y^yyisxxf')y h:ty(DiPifi(D^^i,z^^ t&T-j^^H^OMSv^tj if^ff^^ 

^-r^^t:^^X^^:^-h. m2mMl 2 OiS^if ^ n 2 1 n 3 1 3(Dminmns 
t(Dm (n2-n3) < ir ^ :i t:/)^X ^ ^ Lfz-^^-oX^ ^l^m^li^i&<t 

3(Dmnmn2t(7)m (n2-n3) 0 . 7 l^A^XhtHt. ^^^M^H^ 3 ju ml^J. 

rt-t^^t^^x^m:^i)^^^t^j:^(Dxp:i-mx^^o ttz. ^(Dni^^i. %2 

WK \ 2ii^T i O2, T a205i3j:t;<=^Nb205<7)'fprtL;6--e^-i)<7):6^'$?ii-e^)^)> 
^ 3 ^i® 1 3 -b^^^Xih ^ (Di)m^X;hh o 
[0 0 4 3] 

L T ^ ^ ;l/ ^-^a ^ B^^<7)^F^6^5^Jg'^p/N° ^ - > T'BBIt t -C . -e- 60^ :fe 
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1 2 is J: D^'^ 3 li® 1 3i}^^Kl<z^l<fhtifzmmi''^W'J^-t^(7)i>UmX'^^ 

o 

[0 0 4 4] 

(DLC: Diamond-Like Carbon) ib tL.i,o ^(Dm^. ^(D^^^ 

hn^J^I^Tfe (SR^: Synchrotron Radiation) ^tK^^ 1^"- A tI^^'^v^ P> 

^ ;u $ tt/c ^ -V ^ > K^*Rmc7)|SJt<^);Siff § < =^ -i* o 
f'Sr^^^ J^^;u4^'»-^BSJ|t$tL-Cv^>^v^^^:6^'^3MKl 3 (/SlJf^ns) i: 
taV), x.%)\. ^m.if'^M ^ f\^tz%M.t>^% 2 mm 2 (Minm n 2) t =5: ^ o 
[0 0 4 5] 

m 2 (Dm^iji^xii. m 2 1 zisxz/ms mm 1 3 ^ti^^ti<D^m^(7)mm 

[0 0 4 6] 

(DMi^^'f-m^i oA{i. ±^Lfzm^^^m=^i o<Dm^izMLx^ mimn 
1 i(D^m mxii±m) KKmi&m.mi 1 a^m^^n. Mt^ESti&^m 1 1 

aO^HiJlcMKl 1 h:i)^^^L. tfz. ^AWAl A <Dm^ (lU-trtiTlliJ) \zm. 
m^^mi 4 aTO^'ff^^tL, Ml^-Rtt«mi 4 a<7)^flljic^gl 4 b ^i^'^^t- 
^S ^ (7)T'*);2.o m^\t. \ 1 b:feJ:?/liK 1 4 b(i. ^ 
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[0 0 4 7] 

Lv^o r^ftA;5n . 5 5 // mT**)tL{S\ ^ 1 1 li3XX/m4m 

tnm<Dmsi 1 b i:<7)p^tcsitig;i^Mi 1 a:d^~istt^tL, tfz. mimm 4 

[0 0 4 8] 

. H ilKK 1 1 i3 i o^'H 4 ^XK 1 4 ^^:^ttm2f<7) iJiCOfcl-^^fcT^ c:;h.<b<^ 

-2) R*j-«<^:^<7)|^ft ^ ^ o 
[0 0 4 9] 

Eieti. ^f^M2<7)[pl$fft#T-m^l 0 B<7)|^0JI2I-t?ab-2)o colHtc^:^ tt^^ 
S^!l2(7)[iliff^&^*^l OBfi. ±izEL/clltff^§^^?- 1 0<7)itJ3^t;^t LT. H 
1 1 1 (O^I-fiiJ (m-CfiJilliJ) 1 1 b ^fz^ m 4 1 4 

^fij (m-etiTfiJ) 4 b;6>'#^E-r^ ^><7)-eab'i)o -B^Jx-ff. ^iaiJ<7)liW 1 

1 b i5 J: mt'S. 1 4 b (i. ^%Xh «9 ^ UltrnT-^T 1 0 A^#:o» 

. ^(r>mrm2(Dm^^'^-mi-i o B-cf*. m^m^ux<D^$5^% • • hi 

^W^Xfm^^^U 13 A#t L ^ J; ^ , H 1 «K 1 1 :fe J: t/H 4 1 4 

[0 0 5 0] 

(H 2 ^Mm^) 
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4)f^&?-*T-2 Ofi. mimM2 I. ^2^g2 2. ^ 3 2 3 . 04 ^^2 4 
. I^5^S2 5:BJ;r;''06lK®2 6 '^flx. TlS^^ ttTV^^o 
[0 0 5 1] 

^<7)iii$if^&i^^T-2 0 icisv^T, l:v^c¥^T-eJli^c3fe^fi0 1 ¥MPi> 02 

¥MP2^ 0 3¥®P3^cl;U^^04¥®P4'^^i®-r^o ^<Dt^. 01^M2 1 
(i. 0l¥MPiJ; «9^fJJ (EI-e{i±1liJ) Kmi^mFiKmLxmnhtiX\^^:h 
o 02^®2 2:feJ:?/03^®2 3 fi. 0 2 ¥® P2^ 0 3 ¥® Ps^ ^^ra^tc, 0 

2¥ffiP2^^J^^^^3¥®P3t;^tT. 0 i¥®Pit;¥^f ^p;f^;^[S]ti^i:tc 

mUfhtiX. mUnm'f-^Jf^mLX^^^o 04^®2 4{±. 04¥®P4J: ^^ISIJ 
(H-efiTM) tC04¥ffiP4l3^tT^it^tLTV^>g,o 05l«®2 5(±. 01 
¥ffiPi^0 2¥®P2^<^F«^^-^ 0l¥®Pii3J:t>'0 2¥®P2t-^tr^tt'b 
tLTv^^o 06i!lM2 6t±. 03TOP3t04¥®P4^:(7)P^{C, 03¥®P3 
<t t;^^0 4 ¥® P 4 t -Ci^tt tLT ^ o 
[0 0 5 2] 

>r«7)lil$ff^&i^mT2 0-e{i. 0 5MK2 5 i:06m@2 6 i:<7)r^tci3v>T. 0 
2MK2 2 ^03I«K2 3 ii^S^xSt^lStt "btLTHt/f^&^/i^'f^^^ ttTv^^o 0 

im^2 i^-hmm^'^^xMLf^mt. 05M®2 5^^-r. iiiff^^fBi^is 

y^-xmUJx^ti. 06^®2 6 *^-C. 04^^2 4-sttilt$tL.i>o i^vMi. 04 
liK2 4:&-f>lItif^^^^---Alttfc7tti. 06MS2 6*^T. llI4ff^&T-^t::i3V^ 
TIUJif^tL. 0 5 IKK 2 5^^T. 01^«2 1 -^ttilt^ tt^o 
[0 0 5 3] 

0 2 ^« 2 2 <^#fS:^i3 J: t>*0 3 2 3 (D^^itii. MtL ^ Slf®^^^:g:^ff^t? 
^)^o 0 2Sg2 2i3j:y'^03^®2 3 ^m^1j\^K^M.Km-y hti^ tK X 

^(DmmAKisif^m2mM2 2^^^isb:hm^ (-r-^-x^jt) ^ft-r^o 0 

l¥®Pia:02¥®P2^<^P^<=^SB^ (i-^^^. m5mm2 5(Dm^) ^rhs 
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2tL. n3m^2 3(Dmi)xm^ns {fzfzL. n3<n2) tL. ^ 4 ^® 2 4 O 
[0 0 5 4] 

:L(Dt ^2¥MP2^^3¥®P3^c7)FH^(7)[plllf|&T-^(7)TO®Wnavfi 

:^ J: D^^^ 3 li® 2 3(Dmfx^n3t(DmX\ ±fE(2)^<7)M#^^vt/;-ro 
[0 0 5 5] 

n 5^i^ 

n, < Wj < n„ ^ fr (i n^<n^<n^ ••• (5) 

< /ig < ^fc M. n^<n^<n4 ■•• (6) 

^ o 

[0 0 5 6] 

mi] 

^n,n^ - 0.2 < < ^n,«^ + 0.2 ■••(7) 
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^n,n,, - 0.2 < < ^n^n^ + 0.2 -(8) 

[0 0 5 7] 

#M-e(7)SM^j2;i/^r^ft^:^t:i6:M-r^:^t;(i. ^ 5 ^® 2 5 Oj^ $ h 

[0 0 5 8] 

5 (7)/f <;^h5{i. 

1. ^ <h,<-- -(9) 

2 4«jCOS^5 2 4«5COS^5 

mi 0] 

i- <h,<-' -(10) 

2 4«6COS^g 2 4«gC0S^g 



^j:^m^^^mfzi-<D-dmmx-^^o 
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— , < /I5 < — . 
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mi 2] 




-(12) 



[0 0 6 01 

heTi'^^^^^tL, RCWAfetCct f)IIlifffeT-m^2 0co|l]W#14c7)M^ff 

[0 0 6 1 ] 

[0 0 6 2] 

w>2mmm\^^^hu^^^m^2 o(DmMmK^^^xmm-fho 
m2(Dm^^^mi-2 o\t^ ^imn2 \ (ni=i) x^^^ m2mn 

2 2>6^DLC(DS R^MIt^ (n2=2. 1 5) X^^), ||3liK2 3:^-'DLC<^ 
SRmmm^ (n3= l. S S) -C*f9. m4mM2 A:^^^^ify7. (n4=l. 
4 5) -eab*). ^5^S2 5-^^^^ify7. (n5= 1 . 4 5) X^'O. H 6 2 
a^^^MgO (n6= 1.70) X^-ofZo t-'^-t^ ^' Jt f ^^'0 . 7 4X^^. 
mrnAif)^!. 0 1 ;umT'*>«9. $ H >6-' 3 . 3 5 m-C*) . ^5^W2 5 <^ 
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*. ' 

m^h^^^O. 3 0 jumT$3^.. m6M^2 6 <7)J¥«^ he^^^O . 2 3 m-Cabo Tto 
[0 0 6 31 

'i^mm-m^-^' § ^ PI /h^ < . [l]tff?*^/6^^T^ § ^ PI 19 § < ^ ^ J: d 
J^T% T E^r^^i.^ i TM«'^^■ett-e^tL^7)IlIllf^s^^^5&^'^^ < 9 5 %Ji;±-e^ 

[0 0 6 4] 

M*Jf^75^''^'fbU#'i>F;f^*t$H-=&fflv^^^2c7)$^3i:;^-^tiJ: t), i^jfT ^ - ^i-'-C 
§^0 /cffL. m2mmfmr^ii. ^6MK26{i. I|2^®2 2 $/^l±^3^ 
® 2 3 J: ^> i^' W - h :6^^Mv^0f ^fj:;^ (Dmi-t L < . A 1 2O3, 

MgO, N d203iSXXfy ym^it^m (A 1 F3. MgF2, C a F2, NdFs 

[0 0 6 5] 
[0 0 6 6] 

i2l9t±. »^^!l<;oii]*jf5f&^mi=-2 0 A<7)ij^^[a-e^^o >roiEiii^^tT,^«^ 

^?iJ<^)ia4ff*&^mi=-2 0 A(i. _hi£ELf.:iatlf*&i=-mi^2 OOm^fr^LT. ^SIK 
K2 5i3J;c;''^6^g2 & <D'R-^i}mW^\^^^'$^'S.\ZWt^^ hfitzW&L(r>mn*-h 
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[0 0 6 7] 

m5mM2 5ii. mM2 5a (Siff^nsa) tmM2 5b (iS^^nsb) ti)^ 
As-e^St^i^tt^^rv^^o ^6^K2 6{i. ^®26a (iSilf^nea) 
®2 6 b (jStif^neb) t-^^AQX'^mzWi1rhtlX\^^:ho S5li®2 5<7)jg^ 
A5HiDit'i)I^K2 5 a>0^^i^*!)^#J'^ (r-'i-x^Jrb) ^i^tL. ^ 6 2 6 
COjiIK!A6t;:fctt'i>^K2 6 a7&^^i:&i6;^f!l'^ (■T^-x-fJt) ^f6^1"^o =^:fc 
. ^5^«2 5<7)^«9A5:feJ:J/^6M«2 ecO^flSAe-e^-P'ttfi, ^2iiK2 
2 ^ i ^ 3 «g 2 3 ^ mm'FU(Dmm A t ^ L v>(7);6-'fiFilT'* . M 

\^^<Di!)mmx^ y). Mk. a <7) l / 5 J^J^TX-ab ^ o wii-e* >2> o 
[0 0 6 8] 

mi 3] 

«5=V/5«5.'+(l-/5W -(13) 

[mi 4] 

«6=>//6«6/+(l-/6W -(14) 

^-2)^T-a$tL^o -LfB(13)^, (14)^-e^$tL^¥±^;St'f^|5n5, ne^^fflv^^ 
Z.tX\ eEiEt7tllItffl&l^^^-2 0 (El?) t|slM<7)ai&:i'^^^tlt^^o 
[0 0 6 9] 

^tc. ^co«^Jc7)ii$ff^&^ET2 O<7)^MMt'ov^-cm0^i--?>o iaiO{i> 
HM^J 3 (DMin^^l-fS^ 2 0 B <7)m§gi2I-eab ^ o ^ (^^MM 3 OElilflti^^?- 2 

oBT'fi. ^5mM2 5im^ij\^i<z^mz^nhnfz2^<DmM2 53.25 

b;5-ib5Srt9. ^ 6 i»W 2 6 (±±^— Cab-So mmm3 <DMm^m^2 0 Bl±^ % 
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imn2 (ni= 1) X^*),^ m2mM2 2i)^T a205 (n2=2. 0) 

T^'O. m3mM2 3i)^^^ (n3= 1) "C* . ^4^M2 4 ( 
n4= 1.45) -C*f9. m5mn2 5(D^-lbmK2 5 a t&^'S^ ^ ;^ (n5a= 1 
.45) -e^bo -C^M 25b ( n5b= 1 ) "C^ > ^ 6 2 6 >6^^A 1 2O 

3 (n6=l. 6 0) T-aboTto t^jx --r ^ it f J: f s^^^'O . 6 6T-*i9> 
mMA-^n. 0 1 jumX-^^. 1#T-i^^H5&^'l . 4 9;«mT'^i9. ^5^iW2 5<D 
m^hz:^^0. 3 6 ;/mTabi9s ^6 MS 2 6 he^^^O . 3 4 /imt^abofjo 

10 0 7 0] 

mi i(±. mt^m3(DM^^i^m'f'2 oB(Dmiff\^^'i:^ir^yy'Ci>^o - 

Tv^^So &S^^1 . 5 2 ;£/in~ 1 . 5 7 ;« mlCi5V^T. IlItfT?»<7)^r^lK^tti3 

X ^^m^4^^<. miinmm^^r- ^^my)iz^ <^j:^x')I,z^ 
^^■<y ^-^-^^mf^tifzo :i(Dm^^hm^x^K^ mmm3(Dm^izi>, j^v^ 

[0 0 7 1 1 

^^tifX^h(DX. U^ifim-^X^^o -<?)l^> ^6MW2 6 ^ LTII2M® 
2 2 is J: t;''^ 5 mU 2 5 X ^ J:-y -^U- h T^jm^^Pff^U^'^m^^^ i t X\ 

m^-r^±x'^izm^^x^^o tfz. 112^^22. m5mM2 5iixifn6 

[0 0 7 2] 

(^3mMm^) 

:2|s:||0^tc#^IlIilft&i^^i^<^)m3^Mm^t^ov^Tm§gi-^o El 1 2 (i 
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[0 0 7 3] 

^60iiiiffl§^mT-3 0 tciov^T. l:v^^cTOTillIH3&^/ill i¥ffiPi. 112 

io j:t/^3^®3 3 {i. ^2¥ffiP2t^3^MP3<!:<^r^tc. ^2¥MP2i3<t 

r>*^3¥ffiP3tc^tT. ^i™PiicTO^B'fS:^iti]tc3ci:i3^it'b:}x-c. in 

t;^3¥ffiP3l^g^tTlgtt^^Tv^^o msmns 5li. |ll¥MPi^^2¥ 
ffiP2<i:<7)^t::. ^l¥MPi:fe j:?/^2¥®P2i^atTI£tt^tLT:v^^o 
[0 0 7 4] 

^xMLtzytii. minm'f-mz^^^rmm^ih. msm^s s^mx^ ^imn 
3 i^mM^fi^o 

[0 0 7 5] 

^ 2 ^® 3 2 (D^mm.^ i cf^ 3 3 3 (Dammit. mti'^mm^^Myjj^x 
ab^o m2mn3 2isxvm3mn3 3:^m^yomi<z^Tnzmiihft^^tKx 

l¥MPit^2TOP2fc<^K<7)j?g^ (i-^:b^. m5mM3 5<Dm^) *h5 

t-^^o mim''A3 1 (Dm^m^nit t. m2is^@3 2(Dm^m^ n2i: ^ 

3IKS3 3 0®iff^^n3 (TtT^iL, n3< n2) ^ ^ 4 IS® 3 4 (7) JSt/f ^ ^ 
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[0 0 7 6] . . . 

:i<Dt^. ^2^BP2^^3TOP3i:<7)P^<^lil*JTl&T-g|SO¥J^;/Sllf^nav{i 

[0 0 7 7] 
[0 0 7 8] 

[0 0 7 9] 

±m{3)^tfzit(4)^^mfzir(7)mmx$>^o ^mmmwA^^^m^^^m^ 

[0 0 8 0] 
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[0 0 8 1] . . . . 

5mm3 5Tbmm\&-M.(o:^<7)^mmx$)'oxi> x\^^o T^m^^iti^ 

[0 0 8 2] 

:}o\^i>z^:Ki>zmihitifzmWc<7)mM:^^h^j:^i><7)X^-oXi> X\^^o :i(Dt^. m 

5 mm 5(D^i^miffmn^ii±mi3)^xm^ti^o ±m(i3)^xm^ix^^ 
i&}miffmn5^m\^>^^tx\ WLmLfzmim^m^3 o t\s\m(^mm^^'^mt 

[0 0 8 3] 

>xi>z^ m3mmMmjz^^^mm^^m^3 o^mm-t^iimz'oy^^xmMi-^ 

^4^®3 4 {i. m2mn3 2tfzlim3m^3 3 X^J^y^yyu-h^^ 
m^^m^m^^^h^j:^(Di}mtL<. AI2O3, MgO. N d20sisXl^^y ym 
T^it^^ (A 1 F3, MgF2, CaF2, NdFs'fc^l <DinM^X^^<Dmi-t 

[0 0 8 4] 

m3mmm'miz^^^Min^^'^m^3 o(DmmmK'^^^xum-r^o mi 
3{±. mmm4(Dmm^m'^3 0 A(DmMmx^^o ^<Dmmm4(Dmifxm'f 

mj'3 0 A-eti. ^5l«®3 5iim^:^\^K^S.Kmirhfifz2'D<DmM3 5 a 
, 3 5 b 3^ 4 <7)lll*lf^^^i^ 3 0 a fi. ^1 mn 3 1 ( n 

1= 1) T*l9. m2mM3 2;6^^T 3305 (n2= 1.98) T'^i). ^ 3 ^® 3 
3>{»^^^ (n3= 1) X$>^^ m4mn3 4^^:6^:ffy:^ (n4=1.45) X^ 
m5mn3 50^*>^^3 5 a/O-'^B^:^^^;^ (n5a=l- 4 5) T'^oT^R 
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S3 5b>6^^^ (n5b=l„) TS^otJio t'jl-x ^ it f is J: f s^O-'O . 6 0 T'^ 
|&i=-jMKaA>^>n . 0 1 /im-C^)«9> ^&?-l^^H75^1 . 4 Syt/mT'^O^ ^5i^ 
g3 5(D0.^h5i)^O . 3 3 fi m-C^ofCo 
[0 0 8 5] 

EI14f±. IIMM4<7)llli)f'f&T-mT-3 0 A<7)IlIilf#tt^^1-i^7 7T'ab^o ^ 

o CO J; die, ^^Mm^Jc#^IIIt;f*&i^^^3 Oti. llIiff?»<^)I^±:feJ:t/|iI 
[0 0 8 61 

0 '^J^{i\ llI*;fl&i=-SK*^^1-'i)m2l«Si3j:t;^^^3^®<^#II^<7)if®ff^*'c{± 
<, 150x.(^^ff^-tr$)o-C^> J: v^o f'jL--r J:l: f , f sis J; 0^^ f gfi. ±fBc7)#^ 

J: i9IlItJf#14^^'MiC|^±U#'5>o #^Mm^<7)llllff^&^^m^-t^i3v^T. ^ 

1 m^<7)mi)-hitif)^XMLX i> J: ^4 «®<7)fiJ:*- f>^:6^'Alt L-C ^) i v^o 

[0 0 8 7] 

#ll»Jii^ 1 . 5 m~ 1 . 6 ;£/ mXmnf^n^J:^fzi>(DX^^:^\ 
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^tt■^^°7^-:5' (j^«!^Jl^).. ^.^Tl. 3/1. 5 5^tr-rtL(^<tv^o 

KLX, ^M^X-m^^ hiX^r^^^^ 1.2 6 ju m~ 1.6 7 5 // ml^I^^Mtt^^^^T) 

[0 0 8 8] 

[mil 
m3] 

[1114] 

HM^J 1 (7)iiiiff^&T-^i^ 1 o<7)[iiiff?»t^4^K 1 4co;st;f^n4t(^M# 
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m 3 {Z'Bh^M m^'f-m'^ 3 o co^h^ m -e * ^ o 
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mmm 4 <d mm^^-mir s oa(d mmm^ ^^t^^yy-c^^o 
lo-mim'f-m^. ii-mimK. ii-'mimn. l3•••^3^s^ i 

4...^4M®. 2 0-IlI*m^«i^> 2 1-^mM. 2 2-^2^S. 2 3- 
^3^®. 2 4 -^4 MM. 2 5-^5MS> 2 6-^6^®> 3 0 -Ultff^&i^ 
3 1-^l^W. 3 2-^2^®. 3 3-03^iW. 3 4-^4«S. 3 
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